O controle do conteúdo de íons inorgânicos em combustíveis veiculares tem uma importante função na manutenção do motor. Um método novo e versátil para análise rápida de íons em etanol é apresentado. Eletroforese capilar foi utilizada para quantificar cátions (sódio, potássio, cálcio, magnésio e amônio) e ânions (sulfato, cloreto e nitrato). A injeção direta da amostra no capilar apresentou falta de repetibilidade nos resultados. A evaporação prévia do etanol, seguida pela resuspensão do material residual, levou a resultados confiáveis. Os limites de detecção para os oito íons estiveram na faixa de 0,06 a 0,18 mg L -1 . Limites de detecção inferiores podem ser obtidos com o aumento do tempo de injeção e/ou da pressão de injeção.
Introduction
In Brazil, ethanol as a fuel is obtained from the fermentation of sugar cane, and this process is now well established. With an annual production of 13 x 10 9 L in 2002, 1 ethanol is predominantly consumed as vehicular fuel, both in the anhydrous form, (mixed with gasoline, which enhances the octane number and acts as antiknocking agent), or in the hydrated form (94 % ethanol). The contamination of the ethanol fuel with metal ions such as copper, iron, and sodium and inorganic anions such as chloride and sulfate can affect engine performance, since salts and sediments that are formed can block the nozzles and induce corrosion in the vehicle components in contact with the fuel. 2 Almeida et al. 3 and Oliveira et al. 4 described methodologies for sodium determination in ethanol fuel using flame photometry. The determination of metals in ethanol fuel by electrothermal atomic absorption spectrometry [5] [6] [7] is well established and flame atomic absorption spectrometry can be used for same determinations after preconcentration. 8, 9 Anodic stripping voltammetry was used for zinc determination. 10 The Brazilian Petroleum National Agency -ANP (Agência Nacional de Petróleo) establishes upper limit of 1, 4, and 2 mg/kg for chloride, sulfate, and sodium ions, respectively, in hydrated ethanol fuel. 11 The recommended techniques for the determination of chloride, sulfate, and sodium ions in this fuel sample are, respectively, potentiometry, precipitation titration, and atomic emission spectroscopy. Ion chromatography (IC) is also described by ANP for the simultaneous determination of chloride and sulfate. 11 Methods for the determination of cations and anions in ethanol fuel are scarcely found in the literature. Piatnicki et al. 12 showed preliminary results for the determination of chloride and sulfate in ethanol fuel by using capillary electrophoresis, without prior treatment of the sample. Capillary electrophoresis (CE) is a powerful technique that provides high-resolution efficiency and is a good alternative for the simultaneous quantification of several anions and cations. Capillary electrophoresis with contactless conductivity detection (CCD) was applied J. Braz. Chem. Soc.
successfully for the determination of ions in rainwater 13 and in human serum samples. 14 The main advantages of CE over IC are the lower cost and shorter time of analysis.
In this work, we describe a method based on capillary zone electrophoresis with CCD for the determination of some cations and anions in ethanol fuel.
Experimental

Reagents and samples
All reagents were of analytical grade. MES/HIS and 0.2 mmol L -1 CTAH. 13 The CTAH was added to promote the inversion of the direction of the electroosmotic flow. For cations, 20 mmol L -1 HIS/lactic acid and 2.5 mmol L -1 18-crown-6-ether 14 solution was used. The crown-ether was added to delay the K + peak, otherwise superimposed to the NH 4 + peak. Two hydrated ethanol fuel samples (A and B) were purchased at different local fuel station in the city of São Paulo and were stored in glass bottles carefully cleaned with ultra pure water.
Equipment
A home made capillary electrophoresis equipment was used for the analysis. 15, 16 A Pentium ® 133 MHz microcomputer controls the instrumental parameters and the acquisition of the signals from the CCD operating at 600 kHz. The detector was placed at 10 cm from the end of the capillary. The samples were injected by gravity from a height of 100 mm for 30 s into a 75 mm inner diameter and 50 cm length fused-silica capillary (Agilent Technologies, São Paulo, Brazil). The applied voltages were -15 and +15 kV for anion and cation determinations, respectively.
Sample preparation 1 mL of sample was completely evaporated 17, 18 in a 10 mL glass beaker on a hot plate at 90 o C and then an equal volume of ultra pure water was added. This pretreatment takes 2 min and can be carried out for several samples simultaneously. The utilized beakers were previously maintained overnight filled with deionised water. This procedure avoids contamination of the sample during the alcohol evaporation process.
Results and Discussion
The injection of untreated samples directly into the capillary was tested without success. The responses obtained in this way showed a marked lack of repeatability, probably due to the adsorption of organic substances present in the samples on the internal capillary wall. In addition, the difference in conductivity between the samples and the buffer solution generated different migration times for the analytes. The evaporation of the ethanol allowed overcoming both problems. Table 1 contains the migration times of all ions in standard solutions and pretreated samples. The relative standard deviations (n = 4) are below 0.8 %, which indicates excellent repeatability of the signals. ). Good peak resolution and baseline can be observed with MES/HIS/CTAH running buffer. The use of CTAH instead of CTAB for inversion of the electroosmotic flow avoids the negative peak 13 associated to the bromide peak (from CTAB), which would reduce the sensitivity of chloride. 4, 2004 each cation (b). The peaks for ammonium (1), potassium (2), sodium (3), calcium (4), and magnesium (5) were also identified. Lithium (6) was used as an internal standard (3 mg L -1 ). Table 2 shows the concentrations of anions and cations in two samples and the respective recoveries upon addition of 1.94 mg L -1 of each ion. The concentrations of chloride, sulfate, and sodium in the two samples were below the upper limits established by ANP. The presence of the potassium and calcium ions in the samples can also cause similar engine problems as the sodium ions. Therefore, it is also important to check these ions in ethanol fuel. Table 3 presents the analytical characteristics of the proposed method. It was observed a good linearity up to the highest standard solution utilized (4 mg L -1 ) in the analytical curves. However, this linearity is higher, but it was not evaluated in this work. It is important to emphasize that these limits of detection could be improved by using higher pressure and/or longer time of injection, without significant degradation of the electrophoretic separation.
Conclusions
Capillary electrophoresis with CCD was found to be very suitable for the determination of inorganic ions in ethanol fuel. The proposed method has lower cost and shorter analysis time, if compared to IC, despite the sample pretreatment step. The detection limits attained in the present study satisfy the upper limits established by ANP for ethanol fuel analysis.
